Colorectal carcinoma (CRC) is known as the most common cancer. MicroRNAs (miRNAs) have been proven to have important roles in human carcinogenesis by regulating various target genes. Recently, the downregulation of miR-582-5p had been demonstrated in CRC. However, its function and the underlying mechanism in CRC remains unknown. In this study, we found that miR-582-5p was frequently downregulated in CRC tissues compared with corresponding noncancerous tissues, as well as in CRC cell lines. Transfection with miR-582-5p mimics significantly inhibited CRC cell proliferation, invasion and arrested cell cycle at the G1/S phase, but promoted cell apoptosis. Further analysis demonstrated that miR-582-5p attenuated the expression of RAS-related GTP-binding protein (Rab27a). Luciferase reporter assay confirmed that Rab27a was a target of miR-582-5p. Mechanism analyses revealed that Rab27a overexpression significantly attenuated the inhibitory effect of miR-582-5p on CRC cell growth, invasion and cell cycle progression. Our data suggest that miR-582-5p may function as a tumor suppressor in the development of CRC by targeting Rab27a, indicating a novel therapeutic strategy for patients with CRC.
INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignant cancers. 1 Although the prognosis has been improved slightly in the past years, it remains the third leading cause of cancer death among men and women worldwide. 2, 3 The incidence and mortality rate of CRC in China have increased rapidly over the past several decades. 4 A better understanding of the molecular mechanisms underlying the development of CRC is essential to facilitate the prevention and treatment of advanced CRC. Recently, microRNAs (miRNAs) have been identified as novel molecules that are crucial in cancer development. [5] [6] [7] miRNAs are a family of endogenous, small (containing~22 nucleotides) noncoding RNA molecules, which are able to serve as key regulators of gene expression at the post-transcriptional level. 8 In general, miRNAs exert their regulatory roles by binding to either full or partial complementary sequences primarily in the 3′-untranslated region (3′-UTR) of target mRNAs. 9 Numerous studies have shown that miRNAs participate in various biological processes, including cell growth, timing development, apoptosis and differentiation. [10] [11] [12] [13] In the past decade, many miRNAs had been identified to be associated with cancer development, including miR-17, miR-34, miR-93, miR-137 and miR-145. [14] [15] [16] [17] [18] As one of the important member, miR-582-5p has drawn more attention because of its critical function in the development of carcinoma. Abundant researches have confirmed that miR-582-5p is involved in the various biological progressions of cancer cells, such as cell growth, invasion and migration. For example, miR-582-5p has been shown to inhibit tumor proliferation, invasion and migration in bladder cancer, suggesting that miR-582-5p may have an important role in human tumorigenesis. 19 Recent research has demonstrated the low expression levels of miR-582-5p in colorectal cancer. 20 However, its function in CRC remains poorly understood. In this study, the exact function and potential mechanisms of miR-582-5p in CRC were explored.
MATERIALS AND METHODS

Cell lines and cell cultures
The human CRC cell lines, including HCT-8, HCT-116, LoVo, SW480, SW620 and the normal colon epithelium cell line FHC, were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). The SW480 and SW620 cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and 2 mM L-glutamine (Invitrogen Life Technologies, Carlsbad, CA, USA). HCT-116, HCT-8 and LoVo cells were cultured in McCoy's 5a, RPMI-1640 and F12-K medium, respectively. FHC cells were grown in DMEM:F12 medium supplemented with 10% fetal bovine serum, 100 U ml − 1 penicillin and 100 μg ml − 1 streptomycin. All cells were maintained at 37°C in a 5% CO 2 atmosphere.
Tissue samples
A total of 25 pairs of primary CRC tissues and adjacent noncancerous tissues were collected from the second Affiliated Hospital of Kunming Medical University (Kunming, China). All of the human materials were obtained with informed consent. And, the study was approved by the clinical research ethics committee of Kunming Medical University.
Transient miRNA transfection
The oligonucleotides of miR-582-5p mimics and the negative controls (miR-NC) were purchased from Genepharma Co. (Shanghai, China). The cells were transfected with 25 nmol l − 1 of either miR-582-5p mimics or miR-NC, by Lipofectamine™ 2000 (Invitrogen Life Technologies) according to the manufacturer's instructions. The transfection effect of miR-582-5p mimics was determined by quantitative real time-PCR (qRT-PCR).
RNA extraction and quantitative real time-PCR
Total RNA was extracted using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The purity and concentration of the total RNA were determined using an Ultraviolet Spectrophotometer (Eppendorf, Hamburg, German). The cDNA was synthesized using the One Step PrimeScript miRNA cDNA Synthesis Kit (Takara Biotechnology, Dalian, China). To analyze the gene expression, reverse transcription-PCR was performed using the miScript SYBR Green PCR Kit (Qiagen, Venlo, The Netherlands) with the specific primers for miR-582-5p (forward, 5′-GCACACATTGAAGAGGACAGAC-3′; reverse, 5′-TAT TGAAGGGGGTTCTGGTG-3′) and RAS-related GTP-binding protein (Rab27a) (forward, 5′-AAGAGGAGGAAGCCATAGCAC-3′; reverse, 5′-CCATTGGCAG CACTAGTTTC-3′). Real time-PCR was performed using the Applied Biosystems 7500 Sequence Detection system (Applied Biosystems, Foster City, CA, USA). The miR-582-5p expression was normalized to U6 (forward, 5′-GCTTCGGCAGCACATATACTAAAAT-3′; reverse, 5′-CGCTTCACGAATTTG CGTGTCAT-3′). The other expression data were normalized to the geometric mean expression level of the housekeeping gene β-actin (forward, 5′-GACTCATGACCACAGTCCATGC-3′; reverse, 3′-AGAGGCAGGGATGATGTTC TG-5′). The relative results were calculated using the equation 2 − ΔΔCT .
Cell proliferation assay
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was used to analyze cells viability. The transfected cells were plated into 96-well plates at a density of 5 × 10 3 cells per well. At 12, 24, 48 and 72 h after transfection, the cells were incubated with MTT reagent (Xinshiye Biocompany, Guangzhou, China) for 4 h at 37°C. Subsequently, the supernatant was replaced with dimethyl sulfoxide to dissolve solid residues. A spectrophotometer was used to measure the absorbance at 570 nm.
Cell cycle analysis
Cells were collected and fixed in ice-cold 70% ethanol overnight. The fixed cells were washed with phosphate-buffered saline and subjected to the cell cycle analysis using the Cell Cycle Detection Kit (KeyGen Biotechnology, Nanjing, China) according to the manufacturer's instructions.
Apoptosis assay
Following transfection for 72 h, the cells were collected and detected using an Annexin V Fluorescein Isothiocyanate Kit (BD Pharmingen, San Diego, CA, USA) on a BD FACSCalibur™ system (Becton-Dickinson, Franklin Lakes, NJ, USA) according to the manufacturer's instructions. In brief, cells were transfected with miR-582-5p mimics or NC mimics, and were then resuspended in 100 ml binding buffer, at a density of 1 × 10 6 cells per ml. Then, cells were incubated with Annexin V-FITC and propidium iodide for 15 min. The cells were analyzed with Beckman CXP software (Brea, CA, USA) on a FC-500 Flow Cytometer (Beckman Coulter, Brea, CA, USA).
Cell invasion assay
To measure cell invasion, 5 × 10 4 cells transfected with either miR-582-5p mimic or miR-NC were seeded into Transwell chambers (8.0 μm pore size; Corning, Corning, NY, USA) uncoated or coated with Matrigel (BD Biosciences, Bedford, MA, USA). Medium containing 10% fetal bovine serum in the lower chamber served as the chemoattractant. After 24 h incubation, the cells on the upper surface were scraped off, and the invasive cells attached to the lower surface of the membrane inserts were fixed and stained with Diff-Quik (Sysmex, Kobe, Japan). The invading cells were observed and counted under a microscope in four random fields. All assays were performed in triplicate.
DNA constructs and luciferase reporter assay
The 3′-UTR sequence of Rab27a predicted to interact with miR-582-5p, or a mutated sequence within the predicted target sites, were inserted into the XbaI/FseI sites of the pGL3 vector (Promega, Madison, WI, USA). The mutant 3′-UTR of Rab27a (Rab27a-3′-UTR-mut) was amplified using Rab27a-3′-UTR as the template. For the luciferase activity analysis, cells were co-transfected with miR mimics and Rab27a-3′-UTR or mutant 3′-UTR using the DharmFECT Duo transfection reagent (Thermo Fisher Scientific, Glasgow, UK) for 48 h. Then, the luciferase assays were performed with the Dual-Glo Luciferase assay system (Promega) according to the manufacturer's instructions.
Construction of Rab27a overexpression vector
The Rab27a cDNA (accession no.: CR541693.1) lacking 3′-UTR sequence was amplified by RT-PCR with the specific primers (forward primer, 5′-TTATCACAACAGTGGGCATTGATTTCAGGG-3′ with NheI recognition site; reverse primer, 5′-AACGCGTGCTAGCAGGCTTCAAGACAAAGG-3′ with recognition MluI site). The product was then inserted into the FUGW vector (Addgene, Cambridge, MA, USA), which was digested by NheI and MluI restriction enzymes (NEB, Ipswich, MA, USA). All sequences were performed by DNA sequencing. The transfection was performed using Lipofectamine 2000 (Invitrogen).
Western blotting
Total protein was separated by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto nitrocellulose membranes (Millipore, Temecula, CA, USA). The membranes were blocked with 5% nonfat milk, followed by incubation with a rabbit anti-Rab27a polyclonal antibody at a dilution of 1:200 (Abcam, Cambridge, MA, USA) or a mouse anti-β-actin monoclonal antibody at a dilution of 1:2,000 (Sigma, St Louis, MO, USA). Then, goat anti-mouse or anti-rabbit horseradish peroxidase secondary antibody (Sigma) was introduced for further incubation. The protein complex was detected using enhanced chemiluminescence reagents (Thermo Fisher Scientific). β-Actin was used as an internal control.
Statistical analyses
Continuous variables were expressed as the means ± s.d. Measurement data were analyzed using the Student's t-test, whereas categorical data were examined using the χ 2 test. P o0.05 were considered to indicate statistically significant differences. All statistical analyses were performed using the SPSS 16.0 software (SPSS, Chicago, IL, USA).
RESULTS
miR-582-5p is downregulated in CRC tissues and cells
To determine the potential roles of miR-582-5p in CRC, qRT-PCR was used to examine the expression level of miR-582-5p in CRC tissues. As shown in Figure 1a , miR-582-5p expression was remarkably downregulated and about 0.68-fold decrease was observed in the CRC tissues, compared with the corresponding adjacent noncancerous tissues. The expression levels of miR-582-5p in CRC cell lines were also lower compared with that in normal colon epithelium cell line FHC (Figure 1b ). These data indicated the possible significance of miR-582-5p in the development of CRC.
Upregulation of miR-582-5p suppresses cell proliferation To further investigate the role of miR-582-5p in CRC, the miR-582-5p mimics were transfected into SW480 and HCT-116 cells. As shown in Figure 2a , transfection with miR-582-5p obviously induced the expression of miR-582-5p. MTT assay demonstrated that miR-582-5p overexpression markedly inhibited CRC cell proliferation (Figure 2b ). Furthermore, miR-582-5p overexpression exhibited a time-dependent decrease in cell proliferation (Figure 2b ). Quantitative analysis confirmed that miR-582-5p overexpression significantly reduced viability of both SW480 and HCT-116 cells (Figure 2c ). miR-582-5p regulates cell cycle transition of the G1/S phase Given that miR-582-5p inhibited CRC cell proliferation, we next sought to explore the effect of miR-582-5p on cell cycle progression of CRC cells. As expected, cell number in the G1 phase was significantly elevated in miR-582-5p-overexpressing SW480 and HCT-116 cells, compared with control cells, but decreased in the S phase (Figure 2d ). These data suggest that miR-582-5p might inhibit CRC cell proliferation by repressing the cell cycle transition at the G1/S phase.
Overexpression of miR-582-5p promotes cell apoptosis
The effect of miR-582-5p on cell apoptosis was further investigated using the Annexin V assay. As shown in Figure 3a miR-582-5p modulates cell invasion of CRC To further investigate the function of miR-582-5p in the development of CRC, its role in cell invasion was analyzed. Following transfection with miR-582-5p mimics, the invasive potential of SW480 and HCT-116 cells were both markedly declined compared with the control (Figure 3c ).
miR-582-5p targets the transcription factor Rab27a in CRC Based on previous studies, we hypothesized that there is a significant association between miR-582-5p and Rab27a. To check whether Rab27a is a functional target of miR-582-5p, real time-PCR was used to examine the Rab27a mRNA level after the overexpression of miR-582-5p. As expected, the overexpression of (Figure 4a ). Western blotting analysis confirmed the corresponding reduction of Rab27a protein levels in miR-582-5ptransfected cells compared with the control (Figure 4b and c ). All of these indicated that Rab27a might be a target of miR-582-5p.
To validate whether the miR-582-5p regulated Rab27a-3′-UTR through the binding sites, the wild-type and mutant type of Rab27a-3′-UTR were constructed and cloned into the downstream of a luciferase reporter gene. The results from the luciferase reporter assay demonstrated that miR-582-5p decreased the luciferase intensity of wild-type Rab27a-3′-UTR, compared with the miR-NC cells. However, there was no change in luciferase activity in Rab27a-3′-UTR-mut groups, indicating that Rab27a was a target of miR-582-5p (Figure 4d ).
miR-582-5p represses cell proliferation, invasion and cell cycle progression through Rab27a
To further evaluate whether Rab27a is a functional target of miR-582-5p in CRC cells, miR-582-5p mimic-transfected SW480 and HCT-116 cells were further transfected with Rab27a overexpression plasmids. Western blotting analysis demonstrated that the inhibited expression of Rab27a in miR-582-5p-transfected cells was obviously increased by Rab27a overexpression (Figure 5a ). Furthermore, the Rab27a overexpression ameliorated the inhibitory effect of miR-582-5p on cell proliferation and invasion, as well as decreased cell apoptosis induced by miR-582-5p upregulation (Figure 5b-d) . Similarly, Rab27a overexpression significantly abrogated the inhibitory effect of miR-582-5p on the G1/S transition (Figure 5e ). Collectively, these data proved that miR-582-5p negatively regulated CRC cell growth and invasion by targeting Rab27a.
DISCUSSION
Increasing evidence shows that miRNAs critically regulate tumorigenesis and progression by targeting oncogenes, tumor suppressors or genes related to cancer cell proliferation, angiogenesis and apoptosis. 21 As previous reports, many miRNAs are aberrantly expressed in CRC, suggesting that variations of miRNA expression are common events in colorectal tumorigenesis. 22, 23 The miR-582-5p has been reported to be implicated in the development and progression of several human cancers. A recent paper showed that miR-582-5p could inhibit cell growth in bladder cancer, indicating the crucial function of miR-582-5p in tumorigenesis. 19 However, the exact function and mechanisms of miR-582-5p in CRC are largely unknown. In this study, we confirmed miR-582-5p was significantly downregulated in CRC tissue and cell lines. It was found that Rab27a was a target of miR-582-5p in CRC cells. Upregulation of miR-582-5p negatively regulated CRC cell proliferation, invasion and cell cycle progression via Rab27a. Our findings revealed an inhibitory role of miR-582-5p in tumorigenesis of In agreement with our results, miR-582-5p expression was downregulated in hepatoma tissues and hepatocellular carcinoma cell lines. 24 Upregulation of miR-582-5p inhibited proliferation of hepatocellular carcinoma cells. 24 However CDK1 and AKT3 were confirmed as direct targets of miR-582-5p in regulating the progression of hepatocellular carcinoma. 24 However, in other tumor cells, miR-582-5p contributed to tumor genesis and progression via various targets. In human prostate cancer cells and glioblastomas, miR-582-5p was significantly upregulated and promoted cell proliferation. 25, 26 In glioblastomas, miR-582-5p exhibited proapoptotic function by directly targeting caspase-3 and -9. 25 In prostate cancer cells, EFNB2 was identified as a target in the proproliferation effect of miR-582-5p on prostate cancer cells under androgen-deprived conditions. 26 In patients with active tuberculosis, miR-582-5p was upregulated and inhibits apoptosis of monocytes by targeting FOXO1. 27 In the present study, Rab27a was identified as a target of miR-582-5p in CRC cells. Rab protein is a member of the small GTPase super family, which has an important role in cell secretion, endocytosis, signal transduction, and development. 28 Rab27a, a member of Rab family, is well known to be a driver of melanoma and breast cancer and exerts the promoting cell proliferation, invasion and metastasis potential. 29, 30 It is also involved in the regulation of membrane trafficking and exosome formation. 31 Previous studies have found that Rab27a was downregulated in colon cancer patients and participate into the metabolism of tumor. 32, 33 It has been demonstrated that overexpression of Rab27a can promote breast cancer cell proliferation, migration and secretion of insulin-like growth factor-II, indicating its crucial role in the development of breast carcinoma. 29 Recent studies demonstrate that miR-582-5p can regulate Rab27a expression in bladder cancer cells. 19 In agreement with our results, Rab27a enhanced cell viability and proliferation index and suppressed the apoptosis of human glioma cell cells. 34 Taken together, our results indicated that miR-582-5p may negatively regulate the development of CRC by mediating cell growth and invasion through Rab27a.
In conclusion, it was demonstrated that miR-582-5p was downregulated in CRC tissues and cell lines. Overexpression of miR-582-5p inhibited CRC cell growth, cell cycle progression and invasion, as well as increased cell apoptosis by targeting Rab27a. This research might provide a therapeutic strategy for patients with CRC.
